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ABSTRACT 

PURPOSE: To provide a semiconductor integrated circuit which allows storage 
of different page size conversion pairs by storing page size values in an 
address array and changing the range of comparison with a comparator using 
each value read from the array. 

CONSTITUTION: When the value of region SZ 500 are O and 1, the page size is 
set at 1KB and 4KB respectively. At the time when the value is 0, 31 to 17 
bits, 11 bits, 10 bits read from an address array 402 are compared with 31 
to 17 bits, 11 and 10 bits of the virtual address by a comparator 404. At 
the time when the value is 1, only 31 to 17 bits of the array 402 and 31 to 
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"v\ fft&**))&\'&t>\ <K$7 KL-*©±{47 K^*© 
Etfrt*5ft2©««i:8:frf-5«tt©T F^7W 

Etg-f 3?g 2 ©<g$ t StfrT SB*©?*-*' 7 W i: % 
A^7^ix5<H2fflT K^-*©^ >x }>^*7 KU-^-Srx^ 
- KL-Cfl1ll2^<DT KWW > iftESftrox— * 

K 7 W ©fftlEx ^ - ^ic: i 0 SJR £ ftfcft 2 <Dm 

O-gU&tfcfH- Stt»Otttt@B4:, 1WE««©7K 

u x r W ©ftjfSx 3 - J: t) 3ft $ titz % 2 

r — ? 7 u-Y ©fiijfax =i - ^ic <t •? $ titzm 2 cogf 

mlfeA^Jix-SfHSr K^xw^SfeScor Ki^©v^ 

ma»-#fc»fti-3*Mfc©»2©-fei'**fc, fltiias 
7 w omzr^-tizx i? atR-snfc» 1 ©«*a»& 

0>\ lHrE»2©1*l^*teJ:!jaftSftfc*;h^ft©7' 

VU*<D<$(D 1 o£3S#i-f-5ft 1 co-fe ^ £ Jrttr 

ft > * 9 t/i^ R*ffl Lfclt Ic * 9 4 C 5 «f E-fe > 

os Yyy^^^(D-^5(nmm^mW.^i> t s/ hSfc 

%*r-f3 1 1 t -r a if #s i icfe«titifc^«^ 
[ts*ii3] MEy^yiassis, iWEi6ft©7 ku* 



tar a -at i t) aft $ titcm 2 &tt^u $ *x 

WEttft©^— ^TWoiR2©fH«A»t»R*W 

ffltmnr k l'* r w ©» 2 o9K»:tt atf -tn^ 

*t©fifc, MlE^SSc©x-^7' W©ft2©tB«lc** 
iitftix^l^©|lT Fisz-h ©3f *©»aS: i 9 , ME 
««©ft2©-tv^^*, K*ai L.»ff*H*&$Hfcft 

HtrlE® l©-fer ^ ? * frWtfrtiiLW)VE& 
Mtt-r$i(r©ttiSSr*«p+5tt:S:, tHE^IfcWx-^T 

w ©-en-etuo® 2 ©g«fc*# atr* t t -r 

5tt#*l 4fcttR#®2lcEttSftfc¥Wfc««!I] 
[R**4] ME^^JJiaBis. StjES?S©^2©1r 
WEa*k©»2©-bt'^^*s, flt*ta U»f^iSM 
i 0 $ tifc^ 2 ©m^d» & S^tH $ *Lfc-t *if n© 

me^iswt kw^t w©mria9*a-^cj:oaw* 

tbfc^r^tb©ft 2 BS^ffi $ ftfc^-jx-m© 

Itt*. WEAA$*i«<S»r K^^O0fjeffi«©TKU 

^^Mtsfi-cfes^ wta«»©v*-^rw© 

ft2©««a»fett*ffl$ftfc*-;h^*M>*T K^l-ft 

^Sr»lRi-**Rfc*U KrEJfta^a^* StfE^Sfc© 
^ 2 O-fe W ^ ^ IC J; 15 $ ftfc^tl'etKDT K 

WEtftOT Ki'^r WoWBfa-^tJ: 91 
#lSiifcft2©ffi«a»fcR*HJS*t*:-eix-€ , *L©fii[i:P 

^©gji ^^r-r 5 t © m -e^^o^g £ t o -c, 

ft 1 o-fe ^ \ctiiti-tt > ^&&ft-fZ> r t SrWSfc -f- 

[«W©»»I4KW] 
[0001] 

!? , ^(-^ ftiiCMO S TLB (Translati 
on Look-aside Buffer) B^Srtl 

(0 0 0 2] 



[0 0 0 3] Hfrf2{gSI5ig^T-tt, <EST Kl"* (V 
irtual Address, ASV^tt, 
* : Lo g i c a 1 Address, J£TF, VAtW 
t 5 ) SfltlTK^ (Rea I Address, 
*5^B, i!7K^: Phys i ca 1 Addr 

ess) £.Kotoi5;ttif»&&kt£Z. 

[0 0 0 4] Z<D&®T FUXQfflbMT Kl/^HO 

[0005] r^fc^—^^fesv^tt^-^k-fe^^ 

ISffl-T KW^^T?CD^-i?#^- (Vi r t 
ual Page N u m b e r , hi tmM^m 
■^—is&^r :Logical Page Numbe 
r, ■ £AT. VPNtfrf5„ ) fcUr KW^ffiBa-CO^ 
— -^#75- (Real Page Number, £>-5V> 
H, tti£S3't-i?St, Physical Page 
Number, KJT, PPNifrf. ) OS*^BiffiiS 

[0 0 06] BP*,, <5*g7 b'lsx&m* 

[0 0 0 7] Wx.ti, 3 2 fy h (VA [31:0]) 

KB (^n/N'-f f,) ot-fXO'<-i?|:»llt5^, 

<Ki@l7 KU^.(D_he2 0 tr s/ h (VA [31:12]) 

#CE»7 Ku^^Ht?©^— LT&fcft, {Hi® 

7 K l/^<7) T{il 2 5/ h (VA [11:0]) 
7± yh) k LTftfrftS. 

[0 0 0 8] EIT. #SHtt»Ttt» [m : n] "Cm Ify 

[0 0 0 9] {SigT h'U^mX'<D^<~iy^fi^ MT 

[ooio] ^rt©*a»r Kw^ttg&sti 

[ooii] <fc®7 Kw^^iw^-^s^t,, H7 

KU^^HO^— i?##—©g|ftH[, 7f*!)fl^j, 
H (Memory Management Uni t, 
WT, MMUtftt. ) k*ftitl5^—F9 3LTk*-<< 
I'-T^/'f^xA (Operating Syst 
em) kmSil%yy h^i70Sf0i#lcioTff 



[0 0 12] ^.ji'tcjHfelBti^Srll^.-rSfcfelc, - 

T (Translation Look — aside 
Buffer, £TF, TLBfcfW. ) tPftf^r K 

[0 0 13] TLBH, MMUIdrtj&^tb, fiJSrKU 

[0014] (gi®r Ki^£ig-w<— 'S&Q-kM** 

[0 0 15] -t©^— -//V<D— gU#CQ=r f— #T 

L B fc:fr2te£ ft, TLB ^U-0^f-+ y 

(7K^?fy^' ^^s/^i) kLxffi 

[0016] t5ET L B -Q<T>T KW-^^^FallJ, w 

[0 0 17] -(DkotetZ^t LT, TfBSlfifc (-O , 
*»5^tt, 3t» (a) KffilfeSiiTV^TLBlHlKasfc] 

[0018] CY) T. Takayanagi et 
a I. , " 2. 6Gbyte/sec Bandwi 
dth cache/TLB Macro for H 
igh — Performance RISC Proc 
essor, "Proceedings of Cus 
torn Integrated Circuits C 
onference, pp. 10. 2. 1 — 10. 2. 
4, 19 9 1 

(P) G. Gerosa et a 1. , " A2. 2 
W, 8 0 MH z Superscalar RISC 
Microprocessor, " J. Solid— S 
tate Circuits, vol. 2 9, no. 1 
2, pp. 1440 — 1 4 54, Dec. 1994 
ttlUXtsk U) l£fEtfe£nfcft*OTLB@?ST-|i, 7 

->^^^y<DT^ir^B#F^t LT-g-fr 1 2 n s©&j|g£- 

[0 0 19] £fc, mmXW^ (o) fcBttSJifcft*© 
TLBEjjg-CIJ, f^^i-X ytmi&b-t 

[0020] ^-vzm&mtLkirzfomi'fe.tt (^ 

[0 0 2 1] KT, ^— i^©rt£©#j£i-3(E2B7 K 

§-7 k i/ ^ ^&*r 5 v ^n* m^uiat t ^ ^ 



[0022] h%-m(om.w.m&<D*^})Qm&'<-^ 

i-»i'J1-£tt£, -^-vOAt;* (^-v^X) 
[0 0 2 3] £/c, ^-^f-^X^tV^-g-U, ~- 

[0 0 24] LfrLfrtfb. ^-i>-tJXtf±%1-gZ> 
Pt^fTU ffli£lc£fc*T^-^1^X£jiJRT-£ 

[0 0 2 5] te&O^— ^X^^fcW:!!, TL 
B fctga^-ST-fr-r X£|EttT-£&tf;Mi&t>^\ ) 

[0 0 2 6] flELfcT Kl"*«ajW#M, te^T'^-S^ 
-S^-^X©ft£l^(^ TLBOttfigJIfiEi: LTt y h 
* (#B4a**t#TLBlEK«3ftT^5«*) 

[0 0 2 7] lfoEfc v h*tl, iSJBjfr5fcl3,fctfTLB0> 
f--f X (^v h y |S) *B8«-r5„ 

[0 0 2 8] rrT% ilS^ldJiCAM (C o n t e 
nt- Addressable Memory^ 

^y) ^i:t5/h7y->7f^y*St^fe5„ 

[0 0 2 9] MSCAM^tt/J^fiiDy ^ey T'i^l^t 

|oo3o] -Jtyhryvrx-f^ii, a§» 
©^y-rfcttftifSj^t * i-sp£f#.5r£ris-e£&^ 

*\ if Sit (y-^ifc) *J/hSv^S#j^tt, }g*«*as 

[0 0 3 1] fe&cO^— XpJ^T LBt LT, T 

[0 0 3 2] I, " 7^t^?-fA5n 

s CMOS Translation Lookas 
ide Bufferr," ffHS«ffifS^&fPW& 
I CD 92-57, pp. 29-35, 1992 

4#5l¥5-2 8 2 8 7 7£H&$g 

^tax^ . fcavvi, MiB&fs (-) icEttstt 

f-'^CD^-^U-^X^TLBlHlJgT'U, CAM@g 

K) ir^y (^^') x-*<DJt&^H 

(ilSgtSH) ^^-^^X^^1-^^y-ir/K7)7-^ 



[0 0 3 3] *7c, 't£3ficD-<-^-l'XB7^TLB(D{dl 

<< XpJ^ t l b mt&fc$n b ftx^z, 

[003 4] (*) T. Takayanagi et 
a 1.," Embedded Memory Des 
ign for a Four Issue Supe 
rscaler RISC Processor, "P 
roceedings ofCustom Integ 
rated Circuits Conferenc 
e, pp. 2 6. 1. 1 -2 6. 1. 6, 1 99 4 
fftfteWl (*) »-IEit^tifc^Jfe<0teO-<-^w'XpI 
^TLBIhIKIJ, ± y h7y->7r^/Mlrfflv\ m 

<D± v h 7 y -i z?tt<D± y h 7KU 

, *Jit)«, 9if-7A—A'Y (TLB^fHtt^tl 

^^•&T^tS^:S- fc-r?, v : f--<XiiT^<0!HH±£ 
[0 0 3 5] 

IS (^) l-iEf^nxi^ttc^-^X^TL 
B@^Tii, h y S|;S)i5'<-yt^X07 K 

!^^.^>PtS:i2S:-r5^tt§r3IS.LTV^c^N CAM* 

{kT-^-f, £/cii3#®;7j f> A# < &5 fc Fpm^fc 
[0 0 3 6] v^if-f XnJ^TLBIslggl'fc^T. ^ 

^ s/ * * y t LTRW*sn*te« u 

(S^^m*<OTLBlH]Sg^m-t--5fcfc^tt-fe ; / 

[0 0 3 7] WfES:^ (*) IC|agc$tLfc^3fc(D 

■fey h7y->77^ Z/JJ'&D^— ^f-^XoT^TLBHI 

■iyry>?7.-74— )\> K (fiffl7K^4'«ty h7V 

[0038] enfe, tffffi^ (*) i^iafts*ifcit*<o 

•tj/ h7yy7f^y^O' < -v I t^ XrI^TLBEI 

[0 0 3 9] r<0/cfc. YnJffiS^^^— -^if'f XC0|£^ 
-^—^f-'f XiJS^Ef SIS^Ot'd "t^ Srl^Bft-MST' 



[0040] muxm (-o fcEasn-c^a 

ffiJSOTLBBS-Cll. -rj/^ftOttttEIKSr^^S 
SSL^Six-ciJfc-f, -fey 7tt<on 

[oo4i] ft*©WE3ta (p) J-E^snr 

fcKtti-a r t fi ? # 4 v ^ t n 5 n ib£ » *> o 
[o o 4 2] *bwhu iwriaa*ft»©rasjfeft««:-f 

[0 0 4 3] #3gPj3cD{t!!<Dg#J|J, 3^ h y SKgfcS 
v^-f X*I£<D± y h7y->7f-f y^COT L B 

[0044] *«w©fltrEBWafeWw*fl!)teoBfi<jxo{ 

bA»fc"*-5 0 
[0 0 4 5] 

[0 0 4 6] (1) A*£*l<5<ESTKl';*S\ HTK 

«3-»*E«1-«*l com^t, -^-^IM X^-Tfit 
fc, 36TK^O±(fl[T K^^O-WSrEtti-5*lO 
Etf i" 5 |g 2 Ogj* £ £*PT 5 «&tf>x 7 W t , 
- KLTWESftOT K^7W irfJE^Wx-^ 

k u * t w oirEx ^ - «t •? m iR. § ft£ si 2 <o«a 

H**T, ttE : KttOTKi'^rW©WE7 f 3-yi:: 

r - * r w <& SUEt a - ? IE. <t *> s ft $ n % 2 <& is 



•f 2 * t\ ffrE$ 

ftOJt«EIK«)]fc»e*l-a&^v^T, mlE1g$c©ir--* 
T u-f ©Itria-T'a— ^(c J; *) SWStLfclg 1 ofi^e 

l>\ S(fEIS2«>-feu^^^J:t»a«l$*ifc*n^ , *iOT 
K u;* <D * © 1 o £ iglR-f 5 % l O-feu * * fc £ i 

[004 7] (2) WE (l) ©¥S^*JV^T, ittE* 
tScor F^7WoSi *?Ufefc«jBcc?E 

*W Lfcttfc Jz <0 £. C5 WE* v*tt*hD«ffiB$:lf« 

iw»»tbnawE«miH]tt©taA*sA***t, i^©a 

*i5«ftO*«l«lttaftEIBi:. mrElfi»o»i&Mt»s 

■fa. 

[0 0 4 8] (3) ffiE (1) (2) ©^Sl^ti 

U WE«*0»2«>-kU^^as, Dc^mLfi]^ 

iiO^T Kf^S^ftLTMEJfSiO-fci'^fcA* 

bHt*m**ifc-?:ivmoflt#» tffEA^^n^iSST 

^rivPitollT' K^^t-R^T, WEAASnaiRfiT' 
Ki^^©@?S(tt«©T K^SraRLTltrEJSl©*!^ 

t, «fE«»«0-7*--^7' WWM2<DM«l-»*iAtf^ 
Jvt'JtOUT K i/xk<D¥JifjE<DimW.$:b *) , IWEIfiftO 

EA^$n5{SS«T Ki^OBfetfcBOT K^^SraiiR 
[0 0 4 9] (4) (TOE (l) *fcfi (2) (D^SlCfc 



ffi8B*i©*u**fc©Klfc.lS8^S£#U ffi 
^ft©*2©««;l»feIIS*ffl£ftfc*ft«i0|tjii. Id 

-rs^&^u *rEtta#a#. mrnm<D^2(D± 

&©t K^7i/wowfE^-^t,tt)ajisnfcst 
2 © m®t>> h mz-m $ at* *-*ve*i© fa t Rgftwise 

£#1-5fiH§-fc©ra-C3fi£©lftS«ri:oT, SlOtl/ 
[0 0 5 0] 

Iffcffll 1MB (l) ©^SJcfcixtf, -fey h7y->7f 

&©r K^rw i^-v^t^x^-fffi^fatrrs 
©ck j: o a t Jttt-t-ajttMSissrgEje-t- 

[0051] «ft«f-?7Ko*2oa«l: 

[0 0 5 2] ^©7 K^7WO»20Wt4»bR 

LTfflTJ -*-£>„ 

[0 0 5 3] «*©T KV*T KOS20B*i>bR 

*WLfc*il^il©ffl[45, 6ftOf-?71"fOS2«) 

iieK.©TKi'X$:J|52©-fci'**|::j:9BRU $>S 
[0 0 5 4] rtUCfclJ, 7K^7WOttl-m© 

[0055] tufa (2) ©^©(^.fcftii. -fey F7y-> 



[0 0 5 6] 2fc(^ % jl^^ilfc^^ey-iry^PjSs^aL 
fettle «fc 9 £ U 5 WIE* ^*$*f©®ft^£ri? >^7V 

[oo5 7] i ify h^fl^sAinisa, t^v-t* 

iztm £tltc7Yuxb\t) £ft3<K*ST K u'x t £Jt 

MNMOS h7>^?©y- H-A^J-fS, 
[0 0 5 8] micitJ, -feV^T^fclStf^-ti:, x 

[0 0 5 91 fflfE (3) (D^&lditUf. |2()t^ 

f~, It^tOT K^T ^©^©M^bis^fcti^tL 
fctttf. 1S&©x— *7W©*2©»$U:JB8£*i5 

— *Twr0*2©«#*»feK3«$iifc3&T Ku^lc 
ftit, A^£*x-5{5;gT \-'UX<DffiffltLW.<DT Y^x 
SriiltRLTlftlSS? 1 ©ir ^IrA^-r^o 
[0 0 6 0] 1g$fc©7 KU77K0f2Og^ 

l-#Siitrtt4:. 1Sft©7*-*rW©IS2©Stti:* 
#»tr3STKi'*i:©0rJ£©!&a&fc !K 1g&©^2© 

^-rsfasr, giicof-i' 7 w 01 2 ©fiattf ii 
if. 

[0 0 6 1] iS^-<DU-^ifAm±X' 
[0 0 6 2]fitrlS (4) O^SICj:*Ltf, %2<D-£Ut 

©*2o««a»-fcK*|ja§4 l fctt4j, i»7-?7u 
i^^Srs«-*-«^t, «ft©7*-*rw©j&2©gH*a» 

TKl'^03fJEttfl|©TKi'^S:aRt. ^2© 

Sr*1-$^t©raT0f^©»aSri:o-r. il»tw 

[0 0 6 3] -tblcij;!;, fg^-cou— »^KihT- 
t» r K«^^S:^B#F B ^ ; ti7c-t5©ffP^±-t-5r 



(0 0 64] 

[0 0 6 5] ft*;, ^lSW&HW•f«fc«>o*BII^l*^^^ 

[0 0 66] [gftfl 1 ] 0111 *%W<D-ni&MT- 

*>z> (Mi&Mi) X'$>z>-<~-~s-y-4 x^-t y vry-y 

T *r A I T L B G>«l«ft*fcijri-:/n y * ElT'fc 5. 
[0 0 6 7] m H^-TT.LBfS, 4|)i^tyF7y 
'>TT^yw^T\ lKBj3 < tl}:4KB©2i!|iO'< 

[0 0 68] El 1 |^t--^-v?f-'< X«T£-fe ;> h 

7yy7f^^TLBOt^H![|J3 2, ^> h y ft|J 
1 2 8T-fo5„ 

[0 0 69] 01 ^-f-X- i/-fs( Xpl^-fe j/ K T y ->T 
^-^TLBI! ##iA^^3i'<-feU^^4 0 0, t 5 ^ 
-^401, 7KU^7K4 0 2, f-^7K4 0 
3, 3>/<u-^4 04, y^4-£ls? ?Mi&4 0 5 J; 

[0 0 7 0] 7 K^7W 4 0 211 (tag) 

(VPN[31:17],VPN[1 
1 : 1 0] ) 5 0 2 ir, t(D^> Y V tlg^tltl^ 
7 (7K^7WO^^'tr-^7W 

V (v a 1 id) tj/h501, J X£jj*i-tf 

s> hSrEtt-f-S^SZ (5 0 0) frbffif&ZtlZo 
[0 0 7 1] - ZX\ VP Nil m&7 Y'\s-*Qf$X'<D 

v?#f- (Virtual Page Numbe 
r) eSfrfSo 

[0 0 7 2] *Wa*TfB, [M : N] 

[0 0 7 3] f-#7K 40 311 Y V £ 

I"* (^-7-fes'h) t^c5A\ £3 jfatfg 

(b-t-5^y h«aL«07 f -^SrlB1ft-r5fitt ([11:1 

01 ) 5 0 3 Mfi^l«tyhet(D7-^ 
€rfBtt?-$WK (PPN [3 1 : 1 2] ) 5 0 4 bfrb 

[0 0 7 4] f3-f4 0 1 H {S5®T KWX (VA 
[31:0]) 5 0 5W>ff^^7^-;VK (VA 
[16:12]) 8&7* = -KU 7KWW40 

2 ti <£(>'t — $7 Is -4 4 0 3 (D^?(D^ m—to-O^ry? 

[0 0 7 5] §E#tfcS£*lfc-fe j/h©7 K^7W 4 0 
2<0$ #y 4—/\,y (VPN [31:17] 4oi:t>'VP 
N [ 1 l : l 0 ] ) lot (5337 h>^5 0 5 <D? $'7 



j-juyr (VA [31:17] *5«t!>'VA [l 1 : 1 
0]) 9 fc£ri>/<u — *4 0 4Xit&i-Z, 
[00 7 6] :03>/<l/-^404Hll ts/hL 

[0 0 7 7] *LT. ^tlfW7-^7M 4 0 3*> 
fcl^tb£ftfcx~-* (18, 19) ©"f^t, 7 Vis 
X7ls*{ 4 0 2<T>$>?7 4— i\sY (VPN [3 1 : 1 
7] *5J;t^VPN [11:10]) 1 5tti@7 Vis* 
5 0 5 O^^-f-^K (VA [31:17] JfcitfV 
A [1 1 : 10] ) d>O s V (va 1 i 

d) tTs/ K 5 0 1 Ofiff 3 7^1 ^it!)^07- ^ 

4 : 1 tl/^ ^Ih1^4 0 5 T'SHiLTfeS7 

KW* (2 1, 2 2) tLtffi^tS. 

[0 0 7 8 ] fe*5, *SliS0ijT*H V ( v a I i d ) f 

y Y 5 o i ofiiurot^iy h!J lcg»£:h/ri^.57 

[0 0 7 9 ] *$«StfiTtt» 1 KB ft J: CM KB<D2}1 

[0 0 8 0 ] {E®7 0 5C0>ptr, -^t^X 

#lKBO^|J, 9 h~0 ify Y (VA [9 : 
0] ) 5 0 7 jJ5^-7-fe y h t ft t> , ^-^X^4K 
B£>4&£-H 1 1 tf h~0 f s/ h (VA [11: 
0] ) 5 0 6fc*7±y Yb%:Z> 0 

[0 0 8 1 ] ZIOfctf), (Eig7 K^*5 0 5<D 1 1 f y 
Y~-10lfyY (VA [1 1 : 1 0] ) II ^i?;, h 

[0 0 8 2] ^-^>MJIcS®$ti,TV>5T Kl^^ft 
#CD-<— S?1f-f Xll ^ft^oTVS felfCH^ < , 
%^-^Y })mz.lKBhZ>\^tt.4KB<Ds<—is-f 

<ix<i>7 ris*%&m*3tmztiz>-*i&mihz> 0 

[0 0 8 3] ^OJt», *7±y Y k45^rtBtt«)*5 
{SiST K»^X 5 0 5C0 1 1 tTy h~ 1 0 bfj/ h (VA 
[11:10]) Z-Ofyf* (±y Y&M1R~tZ>7 
Yls^) fC-^fe^rtHTt-f, ll^^b—lOtTy 
h (VA [11:10]) £*)±GL<DXy h(sig<73{H^ 
T h'ls*<Dtt&&s( ls-=f y ?*t LWi%\i^£h^\ 
[0084] El 1 \Z.7jk-ts<—p-9-s( Xnl^-fe y Y 7 y > 
77^yTLB(i 1 12 8xy)>!)04!>i-1 , ty h7 

yiyrrw^^: (3 2-ts'h) te<ox\ -f^^ 

7^-;VKIl (SST Kl^^-5 0 5(01 6 bf y h~l 2 
tTs/ h (VA [16:12]) 8 <D 5 bf y Y k tti. 
[0 0 8 5 ] -WXi! LKBOiS^li, 

=BT Kl/X 5 0 5W1 lfyh-lOf^h (VA [1 
1:10] ) f2(K$^-^#^0-g|5#&<73T\ 
Kl^^5 0 5(Dy-?7j-^Y*t LT&fcftltixtf4t> 

[0 0 8 6 ] ^Wfcfe, 7KU^7K 4 0 2lLt, ( 1 



1 try h-1 0 f y Y (VPN [ 1 1 : 1 0] ) 

[0 0 8 7] £fe|c, ^> HJS(--<-v>^XSrgi- 

h£!Etg1-£g$SZ (5 0 0) &atfT\ 
LfcSttS Z (5 0 0) <Dfii 6{cJ:»?. 1 1 bTy h — 
i 0 try h ([ii:io]) 2>tbei^«>5a^«)4 

[0 0 8 8J #3fettWTtt, Mxll itJgcSZ (5 0 
0) <D\m 1 <D££fc4KB, ffiJScSZ (5 0 0) (Oft 
* 5 0<Oi£U: 1 KBCO^-i/^XSr^-rtcOfc LTg£ 

[0 0 89] fidfe, S*UiLfcffl«SZ (5 0 0) (Ofjfi 

16aS0O»^li % 7FWW4 0 2i^^HiL 
fc3 1 tfy h~l 7 iTy h (VPN [3 1 : 17] ) , 
*3<fcl>\ 1 ltfyh—lOfyh (VPN [1 1 : 1 
0] ) BMT K^5 0 5W31lTy h-1 7 tfy 
h (VA [31:17]), tiXXf. ll^K 10 
tfy h (VA [1 1 : 1 0] ) birttiSt-tS* 

[0 0 9 0] ifc, S!*fflLfcg«SZ (5 0 0) (Oft 
1 6 A3 KDS-g-a, 7K^7W4 0 2^f>SE*ttJL 
t3 1 tfy h~l 7 try Y (VPN [31:17]) 

0 5(D3 1 tfs/ h — 1 7 tfi/ h (V 
A [3 1 : 1 7] ) i£ft£Jtgrt£ 0 

[0 0 9 1] rcOt#, ifctfc£S:2 0tt, 7KWI/ 

0 5 COfjgfctfS— SU J&*o, V (v a 1 id) tf 3/ h 5 
0 1 (OffiriU T*&ttftti:\ t^htit^^i^Mt 
6 C 

[0 0 9 2] -fyf^^^^(£S7Kl/^5 0 5<D1 6 
f;y F-12lTyf (VA [16:12]) COS try h 
i: U ^-^I^XtfMKBtO^iO^iry h (VA 
[11:10]) 5 0 6OtC±tt©5lfyhtLfc'r 
.iT\ ^-yt>fX^lKB(Dl^ ^ry^i 
t>TfiL(0 2tTy h (VA [11:10]) t^^-f^ 

[0 0 9 3] lOtft^WX^lKBC&fr, 

fflr ku^s 0 5(7)3 1 tr 2/ h~i 7 tr y h (va [1 

6:12]) itm-V, iSS7K^5 0 5(D1 1 tfy 
F-lO^j/F (VA [11:10]) ffi&t£Z>{BLl&T 
Kl/^5 0 5 iC^j-je-r^H^^S^-ttlpI— (01? y h 

[0 0 9 4] L^L&^Jb, BltStTLBm 
>x y^7j:!JTtt^^7^- yuK*S2 t'y hT\ A> 

[0 0 9 5] fc5^f±-f ^X2/ 

^ ^ J: 9 Tito 9 #7 4 Y<D \fy Y m^^M^lt 



[0 0 9 6] &tz, ^-vt-f X^4KBOg^ <g*S 
T KU*5 0 5(0 1 1 fy h — 1 0 If y h (VA [ 1 

1 : 10] ) co 2 try hli^-t: y ho— St/j^ {g 

®7 Kl/*5 0 5(0 1 1 Xf y Y — 1 0 try h (VA [l 
1:10]) tt£»£g#*V^ ^v^X^lK 
BO»£\ <£fi7 K^^5 0 5 CO 1 1 tTy h- 1 0 tTy 
h (VA [1 1 : 10] ) (0 2 tr y htt<Sffl-<-v#^- 

(0-§|5&(OT\ tta-<-^#-s-ic**snft»tntt*6, 

[0 0 9 7] rofcfclc* gt^ttlLfc^SZ (5 0 
0) (Offil 6(Cj;*K x-^T W 4 0 3<DBBJ£ ( [l 

1:1 03 ) 5 0 3 A»e>K*m Ufcl 1 tTy h-1 0 tr 
y h (17) , ffi^T" Kl/* 5 0 5(0 1 If 

y h-1 0 fy h (VA [11 : 10]) 7 <D£t>bi>* 
-#Sr»*iLT4«ffi7 Kl/^ 2 1 fc LTtB^-r2» 0 

[00 9 8] EP^ ISSZ ( 5 0 0) <pmi*l<Db£ 
Xi* 4 K B i: £t *? , -^—^rt^-^ir y h 
ttlSST KU^5 0 5(0 1 1 fy >~0 tT y h (VA 

[1 1 : 0] ) (01 2 tTy ht^5(OT\ (SfflTKU^ 
5 0 5<01 1 tfy h-1 0 tf-/ h (VA [11:1 
0] ) 7 £^<0£*^3gT KUJXOl 1 tr y h— 1 0 tf 
yh (21) t LTtiJ*i-3J: ^-fev^EKM 0 6 £ 

[0 0 9 9ltt WSZ (5 0 0) <O4t^0<O># 
tt, v^lM XjS* lKBt^i^ '<—i/ftjt7'1z y Y 
iHSMT Kl/^5 0 5(7)9 tTy h— 0 fy Y (VA 

[9:0] ) (O 1 0 tTy h£r££#<OT\ f-^7W 4 

0 3©g« ( [11 : 10] ) 5 0 3A»feSc*aiLfc 1 
lfyh— lOtTyh (17) ^tt!7K^©l ltT 
yh-lOtTyh (21) fc LTtilAt^ <t 5 ± 9 

[0 1 0 0] $k±<Dffil&lZ X <9 . illOTtTLBT% 

10 1 0 1] *tai^^^->r*fel/^^ 
4 0 0T. ^Sr##i4tr^^SriSRU ^ 

[0 1 0 2] 1?y KOgiRii, ft*a*^tSE*HlL«F 

tmm\^^—^4 0 iTfr^b^^-^^^5 ^~ct/^ 

[0 10 3] 4^o\ NORy- h 3 0 1^<0, *#iA* 

[0 10 4] ifc, 01l^i-T LBTH. . ftJfEL/cifi 
^(0TLB(0^tBL (iSSgc^fflL) St^hl-> 

5(0T\ NAND0SS3 0 2 Srl2«tT^5 3 
[0 10 5] mh, St^ttiL/cHl^S Z (5 0 0) (Oft 

1 GCi'h X"^TW4 0 3(0^ ([11:1 
0] ) 5 0 3A»e>Bc*aiLfc 1 1 f y h~l 0 tTy h 

(17), fe5v^fi, jgsr fu^s 0 5(Oi 1 tr y h 



- 1 0 \fy Y (VA [11:10]) TOt'^b^-J 

<> SJWg^-i lSrteu^/i- (»T, " L" tKt-f) t 
i-ZZk~\ m®SZ (5 0 0) <DfilCg|&fr<T-* 
71/-f4 0 3OS« ([11:10]) 5 0 3A^K^ 
ttiLfcl ltfs/ h~l Olfj/ h (17) &-trW*@!S 

[0106] @im 4 ^3:^-fes/ hry^r-f^y 

*3;OTL B<D0iJ£|&91 Ltzi\ . !7^-f&£ 1 old" 5 

- tT-ggl^ i?S-TLBO>'ro{iei^-=?s'f >• 

[0 1 0 7) m ll-^i-TL B%g,mik-tZ>±ib<Dffij& 

Kov>t, 0i&^LE]9£ffl^-ct&ejl-f.5 I , 

[0 10 8] ®2Hu HI 1 ICqrfaVXl/-^ 4 0 4$: 
ffiefe-f5 1 tfj/ h#©Jt&[5]?g (EORIHSg) 

[0 10 9] 0 2|C^:-f-N^ L ^^/l'MOS h7>y^? 
NMOSh7y^^t»t„ ) (107, 1 

08) UiVPf t^MlOS FyV-^^ (SkT, P 
MOS h7>-^?itt„ ) (2 10. 2 11)^1 

[0 l l o] 0 2^*-Mt(StlHiaB:, l ify h#fl>Jttfc 
[2]2g&eDT\ 7 h>^7 W 4 0 2©^^!)^/ W 
W#?iJ (* 7 A) IUOW7 1 ) hZftZo 

[0 111] ftlr, H3l^-t»f^»^»oT, *® 

[0112] P MO Shy ^ (2 0 0 — 2 0 

2) , fciON PMOSh7V^? (2 0 5~20 
7) t-«t •? , "T—ZB. (2 4, 2 5) , & <£0\ -feV.* 
M (3 0, 3 1) ^»iEO«R*ffi (Vc c) 

[0113] 1 ~ T\ h7^7MOSF7>v/^? 
(1 0 2, 1 0 3, 2 0 3, 204) UU;!?^— 
(2 4, 2 5) fc»(lLfcflr*»SB»fe-fe^lR (3 

0, 3 1) tuf^rt t-T5o 

[0 114] f-^m (2 4, 2 5) *Jj:tf-fc 

(3 0, 3D coyj^-v-i/ff-g- (2 6, 2 

9) (♦ p c) £Kw<;v (BUT, " H" km: ) t 
LT % 7"!)ft"^ffl(DPMOSh7>y^? (2 0 0 
~2 0 2) , *5J:T>\ PMOSh7^^ (2 0 5~ 
2 0 7) (£tT. OFF>#-f5 = ) U 
K»2 3*" H" 

[0115] y— KH2 3£" h" t-rsrtx-, ^ 
DtA4 0 7fcfc#fflHtift;i*SH'i, ^-^tt (2 4, 

2 5) *5j;l>'1r>^^ (3 0, 3 1) l-mffi^^C 

[0 l 16] 1?>X& (3 0, 3 1) l-+#&fH£M# 
£ C fcNf^T, y v fMO Sh?y^^ WftJfJ? ft 



-§-2 7 (0 y s) ar' H* £ L", j/fMO S h- 

7^?tfc5 h7^7MOS h7>-^^ (10 
2, 1 0 3, 2 0 3. 2 04) SrOFFtL, 
(3 0, 3 1) Srx-*® (2 4. 2 5) frb#m-t 
3. 

[0 117] ■fe>XT>'7'Oi&l!l(&-§-3 2 (0 

s e) H" t U, MO S Y7*s*/X9 (2 0 8, 
2 0 9, 1 04, 1 0 5, 1 0 6) 34»e>*ritStl5-fe> 

[0 118] t^iS (3 0, 3 1) S"f-?I (2 
4, 2 5) LfcB&fe-?, yt'Jt^ 0 7»g£ 

*HJL-«att-t^J* (3 0, 3 1) ©ft«-fc:Mfl5#/j: 

(»T, " L" iflrf. ) fc L-CtJ:v>. 

[0 119] -fe>-^ (3 0, 3 1) fcx-^IH (2 
4, 2 5) 4»fe^fti-5i4:-C, (3 0, 3 

1) ©£W**#i^£ftKifcf&SS£j£S*L5. 

[0 1 2 0] £/c, ir^^T^^fDjatiff-i-S 2 (0 s 
e) £" H" i:-r5l§a4-e^ltR1-<5flKfflr 
0 5*fltlE*-e-TJ3<. 

[0 12 1] Lfc#ot, ± ^^T^y'^mftZltZZ. 
tX\ t^S (3 0, 31) MO-*Ogffi^GND 

(OV) fcfcS. 
[0122]SS7K^5 0 5Olt?|- (35) i 

tl-S-Ktt, nmos h?^? i o 9<oy-nta? 

J&W^WfcfclJ, (£$T O 5© 1 \fy h (3 

5) t^^!lt;l/40 7.*»fc|g^taUfc 1 tfj/ 
— Sc»4§-g-K:(3, nmo Sh7 is-?** 109 b 
H" fc^eSi^l-^v^— ^3 0 7*?Srfflv^T 

[0123] EP*>> NMD S h7 (107, 1 

0 8) s :JoJ;tK PMOS 1>7^? (2 10, 2 1 
1) tt, {£$T 0 5tf) 1 tf y Y (35) i > * 

yt^4 0 7^i^ffiLfc 1 f y htWEOR (#(& 
tflf&gfq) NMOS h7V-^ 10 9©^' 

[0 12 4] CIT, X-^^ (2 4, 2 5) *3j;T>'ir 
(3 0, 3 1)tt, f»Vcct7"5ft-^ 
nTV^Ot, -TV/*— ^ (3 0 5, 3 0 6) <Offi* 

[0 12 5] r^fcfc, -t^^rvysrftt^s-fr.v -t^ 

^1 (30, 3 1) JtO-*<om(tiS - L" £&5B#£iJ 
etflftlCtt, {RfflT KW^5 0 SOI bTy h (3 5) 4: ^ 

^ey-fer^u4 o 7*»e>gE^tt5L7^ i h t©— ^F— 

SJC*»i»t>t}3fc<, NMOS h7^^10 9C^- 

[0 12 6] -tr^T^'^EWS^r tT% -tv^. 

© (3 0, 3 1) (D-jifr" fc*fJ, §S7K1/^ 
50 5»l^yh (35) t ^ * U i? ^4 0 7 A^K^ 



ftLfcl^y &©4§-g-U:l±, NMOS h7> 

1 0 9#'4lil (UT. ONkVFt.) U ^feV 

(0 1 2 7] eit» *W»*-Ctt. it«e*Sr#5fc» 

[0 1 2 8] (RJBr KU*5 0 501 fy h (35) t 

^y-t/w o 7^bgE^ttSLfc i try hfca ; — SLfc 

NMOS h7>^^10 9ll OFF©* 
*T*t;>h$3 6t>" H" £{fco„ 
[ 0 1 2 9 ] ® 3 K:5rfttf^»»-Ctt» (5$7 K V* 5 

0 5©ltfy}. (3 5) i:p ( ^-y-t7V'4 0 7 A>hMfrtti 
Ltz 1 h i;JHF-a©»fr&iaj|-C, (SitgT KU* 
505©lfyh (35) y*y-fc/U4 0 7A»feS*HJ 

[0 l 3 0] tfjfHt y M&3 6ICNMOS 

1 0 9|Cgai-5 t y FSftlNMOS h7>^??r 

(Jttfc-tSify M&5)-) SEtt-fSrtT?. 

[0 13 1] fc*s, :&#«jfcisl!8©#llifcov->Ttt. 0 

[0 13 2] <RBT 0 SOI tfy h (3 5) t 

^y-feA-4 0 7 A^m^mLtc l tf y hir^-gc© 
4§£\ tarh»3 6j4S" L" ifcO, 8*t5B.4t* 
tlsl^iV^x^tl/^ ^.[Hl!g4 0 5tf-?7W 
4 0 3 ©fic^tBL^— *£g&L;/c:{g, -t>^TV7 - co 
/gftff^-3 2 (0 s e) L" t LTty^7>7"$- 
OFFH, *Jt, 7="— ^£1 (2 4, 2 5) jejll>'-fe>- 
^ (3 0, 3 1) ©^y^-v^f^- (2 6, 2 9) 

(0 p c) , y^yfMOS h7>^?OMff 

2 7 (*ys) r L" i LT, ^-^IS (2 4, 2 
5) joit^-bV^.^ (30, 3 1) &fc<D-t-< 9 MZffi 

[0 13 3] t>^§ (3 O, 3 1) &7V?*—~*t 
ZZkX\ NMO S h7>^? 10 9 Of— YWSl 
t" L" NMOSh7^?10 9O^*-h 

L" ty h^3 6 t^Wf-^^yV 

[0 1 3 4] RJbia^Lfc.i:?l£, T-^i^ (2 4, 2 
5) # J: (3 0, 3 1) 07in-yh7 
>v/7?§PMOSh7^?fcU + — v?^ 

fcifcttEISS©JfctH£*as, (R&T K^* 5 0 5 © 1 If y 
h (3 5) t>^-y-fe/P4 0 7^bgs^ffitfcx-^t 
SLfci: fir ffi Clefts* 5 Jt&@& (MOS 
h7>^? 10 7, 1 0 8, 2 1 0, 2 1 1)©A7J 

[0 13 5] rill'iO, ir^^TV7' (MOS h7> 
v^-^208, 209, 104, 105, 106) 
fPS*5)B«lfS^-3 2 (0 s e) ©*-< 5 ^SrEfH- 

[0 13 6] -till-iO, (3 0, 3 1) *f© 



[0 13 7] Lfc^oT, *|ll6WT?tt» tefttitsi* 

[0 13 8] 04 (J, El 2 t^-Tl t^s> h#<E>ifcffc[Hl2§ 
(EOR0JS) ©fflTJ^C,. t s> ^L7^:!7:x-^'£ifiiR•t• 
[0 13 9] @4|;^-r^-fS^s^3g£lH8£|2l2 

l-^-f-JttfclHlSgi:;^ EI 1 \z.7frt=ii/,<is— if 4 0 4& 

«!*-*- 5. 

' (0140] 04IC^-Tl7^-l'S^ft^-|g4[Hl?S 
©KlfEteo^T3iW-t-.5 0 
[0 14 1] |4|:^tNMOS h7^-^^ (1 0 
9, 110, 111, 112) tl, 02tC^-r#?iJ©E 
OR|UiS©t y MS 3 6 SrifcS-f SNMOS |-7>^ 

os h 7 ?£,t;ltv^o 

[0 14 2] PMOSF7>^^ (2 12, 2 15, 
214, 217) Si!?, t?HI (3 6, 3 8) , N 

OR@^3 1 2 ©ai7Jt5J;T>*AND(Hl^3 1 3 ©ffi73 
tt, ^ftl©^^ (Vcc) ^--^ — i/SiXX 

[0 14 3] 7'y f ^ — ^{H-§-3 9 (0 p c_n o r) 
isXxy-y'V^-^—. O (0 p c_n o r 2) £" 
H" irLT, T'Pff-^fflPMOSh?^^ (2 
12, 2 15, 2 14, 2 17) ^OFFtUf, T 
W 4 0 2^feijS^tBL/c^^7^— /VK (V 
PN [3 1 : 1 7] io<fct>*VPN [ 1 1 : 1 O] ) 15 
ir{SJ®TK^^5 0 5©^^7^— /V-K (VA [3 1: 

1 7] JJiO'VA [11: 10]) 9 t<Dtt&£Ml>b1- 

[0 14 4] *jb\ &mifflWT'lZ. Milt @4^^-r 
NO R0SS 3 1 2 © i 5 1^ ^tt^ttKte^n/cA^id 

^ 5 A73$tl-5 2A;ftANDfH!Sg£, NORfflW^ 

[0145] hj/H (36, 38) , NORSK 3 1 
2©tti7J*5«fcU : ANDEiSg3 1 3 ©ffiTDSrT'y f- \— v 5 
-T-S^tT-, ti/hi (3 6, 3 8) % NORSK 3 1 
2©Ui73i3j;r>'ANDlHl^3 1 3©ffi7J«" H" , NA 
ND0^3 1 4©aj73l2" L " ^^-Til^ff^- 

2 0 V L" t&S, 

[0 14 6] ~(D$^-(m&!.W?r2 0&3£±-tZ>$^ 
8&«3*£EIKtt, «-^^|c-0Kfii»lx, ^©-7 

[0 14 7] &,T. *BJ^fB*Tii, T W 4 0 2 



a 1 id) tf y K 5 0 l CDfit^ 1 OiA|rtj/ h >t£ 

[0 14 81 ■7V , 3- J r-i?^£t)±X<D$xL'(<D'}=-4 
®^ff-f2 0 (@ 1 IC^-t"T L B Tli, 4^^f£<DX' 
4o©tt§-jJ**5) lifcyKDftftg (H4T-U" L" ) 

— ^YtftiMT Kl^^5 0 5<D* y^-^KtcDJttK 
ty MfcP^jPfcS&S-tt, ^WtyhLTc: 
^^^(0?o:^ig^{t^.2 OUt y h ORB <" L" ) 

C H" ) fc«5. 

(0 1 49] ^:T(D^a:^ ^ 5^0^-14, it«!>i 
*<D«5»3*»jJi(H§-2 OiZ*X<D$im (" H" ) £fc 
5 = 

[0150] ro^i^ii^ff-^so^ffl^r, 

•5 J; 5 I'. ^^W-fe^^^@?g4 0 5 SrftiJWU v 7 — ^ 
r W 4 0 3 og&ffl L^— * 
[0151] f-^7W 4 0 SW^UJLx— 
^Lfc&lC, St>\ ty^ (3 6, 3 8) ftitS'AN 
(3 12, 3 1 3) (DUUJ&yVf-T-it-tZZ 

[0 15 2] El 2 li^-rifctSfl2]?S(73Eft0jlT*i!!-</c J; o 
|C, -fel'*7>:/Oig|Mt*3 2 (d se) £" H" t 
^ b T-Jfci&^teS 9 , MB-T h'l/*5 Q 5<Dffifc<D 
fagCOlfy ht^^y-t/^fegc^ttSLfcl tfy ht 
ji 5 ^— SlD^-g-lCltl, NMOS h^Vv^y- 109, N 
MOS |-7Vy/^ 110, NMOS h?^v?^^ 1 1 
1, *>3VMi, NM0Sh7>^^n2^0Ni)i 

[0 15 3] rttlCtO, T KWW 4 0 2;S>£>ic 
^fflU3 ltyh~17fyh (VPN [31:1 
7] ) ><EST 0 5<D3 1lfyh~17lfyh 

(VA [31:17]) £#1 fy hT"i>-&LftV^ 
tfht36r L" £/c, TK'/^TW4 

0 2^e>^ttJL7tl 1 f 3/ h~l 0 fy h (VPN 
[11:10]) tm&T KK*5 0 501 1 Yf y h~ 

1 0 tfy h (VA [11:10]) 1 Ify hTfc — 
gfL&^t t y hi^3 8# M L" i&.5 3 

[0 154] t y hB3 6fr" L" t&Sfc, -f^- 
?3 0 8©m*14" H" , 1 2C0ffl^(4" 

L" , NAND(Hlg3 1 4 Officii" H" £fc3 0 

[0 15 5] NAND0&3 14C»" H" 

[0 15 6] r^T\ PMOS |-7>^^ (2 1 3, 

2 16) 7 Kl^T W 4 0 2<E>fl»P,^tHLfc3 
1 h~ 1 7 tTy h (VPN [3 1 : 1 7] ) , *JJ; 
U\ llfyh~10tfyh(VPN[ll:10] 
t. Kt'^S 0 5CQ3 1 t'y h~l 7 t'y h (V 



A [3 1 : 1 7] ) , ft,fcU\ 1 1 tfy h~l Ot'y h 
(VA [11:10]) fc#-&Lfc»£|i:.' tyU 
(3 6, 3 8) (DmfiLZ" H" iC^ofcfeO^T'fe 

[0 1 5 7] &ft\ |214 T'tt, ^ (3 0 8, 3 

10) <D mtifrb -K/<yy"-f 3 «/S**LTV*3 
39 s , +5)^c*^^^r-Y y^J&ffitaT-'Lfii^tttv^ 

[0158] a^hyicfis^xv^rKi'^aESiat 

i J W»a»*t»A»S:ii%-rtK9J-7-v (v a 1 i d) ify H5 
0 l<Dfi£3 7|c,fcoT, fr^aHRW-S-Ofi&gfl'** 
^t*btf&t>>£^CDT, EI4 |d^-t-[Hl?gTtt» NORi 
8 3 1 2^#ADLT^5o 
[0 1 5 9] V (valid) K"y h 5 0 1 ©fit 3 7 # 

0 (" L" ) 7K^7K4 0 2H^ 
ttJLfc^^7^ — /uy (VPN [31:17] ft£l>*V 
PN [1 1 : 1 0] ) b<5M.T K^5 0 5»^'7-f 
-;UK (VA [31 : 17] ftitfVA [11:1 

01 ) 9 tdtfcfei^Klib-fv y- 3 0 9 ©tti 

att" H" fcfca. 

[0 16 0] >v<— * 3 0 9<DtiiJlfc" H* bt£Z><n 
X\ NORHI?S3 1 2<D\£tl\-l" L" , NAND0IS3 
14©ai7j8:" H" , >7 3.^ miRm-Fr 2 Of H" 

[0 16 1] BP*,, m4\C^i-m^X-tX, V (va 1 i 
d) Cy h5 0 lcofit3 7^0<Dt#tt, T KWl' 

4 0 2^6>|g^.ffiLfc^y'7-<— /UK (VPN [3 
1:17] *3<tt>'VPN [1 1:10]) t(Si®TK^ 
^5 0 5<0^y-*7-f— yl/K (VA [31:17] 
VA [1 1 : 1 0] ) 9 bVit&mmz.Xb'?, 
mm ^-2 0 HS*©#ffli:fc5. 
[0 16 2] */c, *3atW*Ctt» J^TI-tft?^-r-5 J; 5 
v^f-'f XSr^-f^s Z (5 0 0) (Dfill6l- 

[0 16 3] HI 1 ^^"f"TL BOlftl^Tili^ft:.}; 0 1^ 
Ic^-aiLfctH^cS Z (5 0 0) ©fill 6#0 Og^ (1 
KB^-y) tt, 7K^7W4 0 2HBl*IBU 
31fyh~17fyh (VPN [31 : 17] ) , ft 
il>\ 1 ltfyh—lOhfyh (VPN [1 1 : 1 
0] ) §!®7 Kl^^5 0 5(D31lfyh~17try 
h (VA [3 1 : 1 7] ) % ftj;^ 1 1 Cy h 10 
bfy h (VA [11:10]) b&itgrtZ, 

[0 16 4] *fc, tt*UJLfc««SZ (5 0 0) (Dig. 
16iUOi^ (4 KB^-y) tt, 7KWW4 
0 2^fe>SE^.ttiLfc3 1 f y h~l 7 tf y I- (VPN 

[31: 17] ) t. ffiST Kl^5 0 5(D3 1 tfy h 
~1 7 l^y h (VA [31:17]) t tHi ^ttK L<C 

[0165] ^co/ttf\ 04ic.^f ^^mniE^^ 



NAND0&3 i 3*5fdm$n-cv^ s 

(0 1 66] ffilgSZ (5 0 0) rofll 6^0 (" 
L" ) ©S£\ ^ 3 i loujjf H" >43 

OT. NAND0&3 1 3<7>ffi7JH, t: ? h#3 8<0ltt 

^ h~-10f y h (VPN [11:10]) <E»7 
K^5 0 5<D1 1 tTy b~l 0 f y h (YA [11: 

io] ) toit«ft»icj:oT*{ki-a, 

[0 16 7] T K^7K 4 0 2i»6>^ffiLfc 1 1 
f s/ h~l 0 f y h (VPN [1 1 : 1 0] ) 4: , ffiffl 
T 0 5©1 1 f y h~l 0 tTy h (VA [1 

1:10]) iiS-au t y h$3 8tf" H" 
fl> -f^-^lOOW L" , NAND0K3 
1 3©HtfJtt" H". 

[0 16 8] rit, 7 K^7K 4 0 2 A>CK*Ui 
L7c3 1 f y h~l 7 tTy h (VPN [31:17]) 
t> (K*g7 \?UX5 0 5©3 1 tTy h~l 7 tfy h (V 
A [3 1 : 1 7] ) ias-SLt«^, N ANDI°ISfS 3 
14©m*tt" L" Ollt y 

h^^SS (" L" ) &&O 0 ' 

[0169] 7 0 2*»fcgE^aSLfcl 1 

fyh~10fyh (VPN [l 1 : 10] ) <gi® 
7 0 5 CD 1 1 fy } — 1 0 f y h (VA [l 

1:10]) **S-Sttf-f, tj/Mft3 8as" L" fcft 

^3 10«Dtb*^" H" , NAN 
D08S3 1 3 Officii" L" . N AND 3 1 4 WffiTJ 
11" H" . -7^-fiSjRff-!§-2 Ofi^cDtffig (" H" ) 

[0 17 0]-*, R*fflLfcfiittSZ- (5 0 0) on 
1 6*1©*&H, 4">-*-*3 1 l©ajA^" L" t 
'iSOT, NAND0&3 1 3(Dtij7Jfi> 7KV77U 
4 0 2j4>feg£<^itiL7c:l 1 tf y f>~l 0 fy h (VP 
N [11:10]) t, (SST 0 501 1 tfy 

Y~l OtTy h (VA [11:10]) fcOtfcftfe*!;: 

[0 17 1] Lfc#oT, y-^-f3liR{f^2 Ofl, T K 
U^TW4 0 2^t,^fflLfc3 1 tT y h~l 7 tfy 
h (VPN [31:17]) &i®TKW>5 0 5© 
3 1 fy h~l 7 tfy h (VA [31:17]) fcOJfc 
*5it>\ V (v a 1 id) f y h 5 0 lOtfS 
7/c(tT«$tL5„ 

[0172] m^tmrn^^ . ^-^x^t 

Fi^SZ (5 0 0) <£>ftl 6 mota^l"- 

[0 17 3] *7c, H4fc^-f «73:^»}?fl|««4SS 

Til, iS£{fc<Dfc»l::«T<0iftS£SUB LT^i. 
[0 17 4] 04-CH, NMOS h7>^^ 1 0 9 t 
NMOS hy^v^^ 110 t02oO h7>v^^L 



[0 17 5] ttjfBNMO S hv^isX* (10 9-1 1 
0) . NMOS \>7>i/?>* (111, 11 

2) tt. NO R[5]gS> LT«a#, ^fe^'y^^— ^Stl 
7ct y (3 6, 3 8) ^nm.-t^, 

[oi7 6] tsmmmzmn-tz k^v-^^^nmo 

[0 17 7] y" (3 0 8, 3 1 0) , N 

ORls]?g3 12, NAND0?§3 1 3, NAND 3 1 
4, -f^-^lSgg (3 15, 3 16) OffiiLl^fi 

[0 17 8] A^U, -fVA-^ (3 0 8, 3 1 
0) „ NAND|5]?S3 14, ?m&3 1 6IJ, 

Ui*ft^-«D3i:*,Ji^l3^3g</ i: 5J ; 5PMos 

U KILt^Vcc/2it)S<iS;^t5 0 
[0 17 9] NORK3 1 2, NANDIn]gg3 1 3, 
-f VX-y-IH!83 1511, tU73fH^-<05ifeT^t)#3g< 
&3<fc5NMOS h7^?0^- HS&PMOS h 

7 -sis*? ^x^s<m\\^ ttaL#ve*v c c / 

[0 18 0] ^tUditK 7*y^^ — v^lcj;!? t y h<D 

^® r l") ktt^tz?^m&.m%-2oi\ $*<d 
^ r h- > ^it-r^^mmm^mm-r^^ 

[o 1 8 1] mm<>^miKm^2 o^, tyi^^is 

(" L" ) HS^Ottfi (" H" ) »C«flS-f-5»&© 

KM2 0i\ ^^©^fll (" H" ) frbz-yh(DWim 

[0 18 2] roi^l:, l73i-YS^ff-g-2 0*S X 5^. 

©ttfii r h" ) Htf hottiiB r l" ) »^t-r 

)\<n?&ft S^ff 2 0 Sr t y h O^ffi (" 
L" ) tT&iaff, f-'T^/V^Srti^S-&-5rt/£< 

[0 18 3] *fc, f^SL^VMit^-f fe-f-7cftT-^<, 
^ n y ^ (c J; 5 r^^ST^lf t ^ /i^RI Oh^K* 
75r%ltLT, 1214Jc:^i-PMOS h7^? (2 1 

4, 2 i 7) oj: ^i-T'y^-^-^tia^sr ti-V 
#5w>»lv^5*"C"b'iv\ 

[0 18 4] 7"!)ft-v ; ?:ff5t, ^tn 

y^^4 OO^Jt«*tt*J!lOl-5*^ ffl^ffelWlji^ 

[0 18 5] 04«C[«l7jr|lLTl^^^, i^jifkCOTcft 



OS V7>i/7-t (1 0 9~ 1 10) ©<£?(:: 1 t y h 
feT'#A^ (04 Till 5) NORm^m^rt-itcH 
T-ft<, t y h®^IC±3ffi;K©ii*;4i*£<ftP,ft^ 
4§£-|c:H NMOShy^i/Xf (109-110) £ 
#t>IU 0!lx.li, 8A^NOR0SSt 7 A^NORIhIK 
l-#filU NO R@!§ 3 1 2 £; 3 A^JNO R@SE£i LT 

[0 1 8 6] Bl4©i&£-K:tt x fc s> hig£3 6©3r£!g:ft 
#*£<ft3©T\ fltrELfcJ: 3 J: 
v\ 

[0 18 7] £t±ttWLfc*j*ltJ:»), ia>IftTOfc& 

[oi8 8] 04 icaH-^a-rawiflnsJB^iaK 

[0 1 89] ffimLtc£?[ZL^ t^hi (3 6, 3 8) 
lis JtiifeOfc*^^^* jy^EI»T«!j«**lTV^5 
ri\ HISOWT^ hT-ti, 4 ^i^^Ot j/ h$! (3 
6, 3 8) jMJMSLTfiaSttSClifc/iS,, 

[0 190] t y VtZV^-HiloteVT', 4&<Dffi 
tt-*-5ty h*«)5t), 3#©fc s/ Hft©«(£tt" H" 
A>lb" L" fcgfcU l#*f«7a s " H" £<£o„ 

[0191] LfctfoT, t yhLfctyhi (36, 

3 8) ©etta, fi-y-yv zs#\zl£*)^ mm-r^mt 

[0192] itii&ft:©*: l//<—* (3 0 8, 3 

10) ©SIU^MiK Lfc^lcii, * 

(3 0 8, 3 1 0) ©»fpjfe»aJ«^*f 5©T, ¥4-* 
% s/^lHl^Srfll)*i-3 t ^ (3 6, 3 8) ttK^Sd 

[0 19 3] £©£#Bfl*0**&#S»*IRfcil|i*.3 

fcftfc, £A#©!&SIJ$lig#&gft^£|$£\ ipt,, ft* 
tiSLfcV (v a 1 i d) Ify b 5 0 l©ffi3 7 tfg&S 

z (5oo) ©fill 6 ©{g-sm&v'— yuK-a-f, v (v 

a I id) fj/h5 0 l©|t3 7fcH$SZ (5 0 0) 

©m 6 fcsiw-sigggH:** =r w s/^@Kt-r-5„ 

[0 19 4] i©»^, <Cs*—9 (3 0 9, 3 1 1) 
[0 19 5] ftib\ gf$S Z (5 0 0) ©fill 6©IEgj 

[0196] 4-tf4e>tf, 9 y #^iik? h$ 

(3 6, 3 8) ft©T\ V (v a 1 i d) f y h 5 0 1 
Ol3 7ii«SZ (5 0 0) OfH65f^t^^ 
@8£ LTffigffcUKTt,, tyhS (3 6, 3 8) 
OiliPffiijrtKV (v a 1 i d) \f y h 5 0 1 ©fig 3 7 
iS#SZ (5 0 0) ©{fi 1 6 $-SK&T-£tU3\ £ft© 
7 Ku^«jftl^PJ]|CK*di/iV^P,-Cj!>5. 



[0 19 7] Wilft^LfdUcfelCJCtt), i*ffia©18 

ft So 

[0198] 05, 126 tt, ^J-Yirl'**®^ 0 5 

[0 19 9] i5l^tOR-AND-NOTl^f- 
MU&(3 1 9, 3 2 0) fciT>'NORlHl?g3 2 1 j&i, 

[0 200] I6B, 05IC^fOR-AND-NOT 
^^*— (3 1 9, 3 2 0) ?:MOSh7>^ 

[ o 2 o i ] *iai09-ett, #tr ^ b&K4 fr^jfe-c 

T&tK 05{C^i-^^-fe-p^;JrI5]^4 0 5«1 bfy 
h#©0S§ft©-C\ f-?7H'(t)^ : t!)t/l'7MO 

[0202] &}o\ 05-ctj, ^tyt/urwim 

©*7A0?gir 4 ^^<D ! >i^tl'^ *[e]gg4 0 5 
©^£^LTV^„ 
[0 2 0 3] 4 : ltl/^ (7^7'l'n) K*5V> 

M'fy f-^V* i ft o fc •? , jfcfjfttiitoisifcft* v ^ ± 

[0 2 0 4] ^Hife0HI^V^Xfi, El5(^-t-J;pl', 
4 : 1 ^-f""^^^^ i6|:§fOR-AND 
-NOTf^'-hffl (3 1 9, 3 2 0) 21st, 2 
A#NORlH]&3 2 1 ©m^-D-^-frT-^-r-So 

[0 2 0 5] OR-AND-NOTl^^*- Mh]28 3 1 
9©x— ^A^I^Ii, -f >v<— *3 1 8T'KlE£ixfc-fe: 
4 4 ©m^A^J 

[0 2 0 6] t>^| (4 3, 4 4) it. T b'lsxit® 

Mttmz* h" K^y^-^tk *fc, ^^mvi 

(f-f- (2 0, 4 8, 4 9, 5 0) t> 4 L" 
tft3©T\ OR-AND-NOTM^' — Mh]S!& (3 
1 9, 3 2 0) (DttitMT Yl'*Vt$mi&ito\z\-3.±X* 
H" tftS„ 

[0 2 0 7] OR-AND-NOTl^*-Hs]^ (3 
1 9, 3 2 0) OAAt)ife'5:V , *»ty7.S4 3Ct 
Jf<-*®& (f±S^]^-7"X) ^g^^T^^3©tt, -fe 
(4 3, 4 4) ^(DS*^L<i"3fcfeTfe 

[0 2 0 8] m5\Z.^-f^^±U9-$'m^4 0 5©fi) 

[0 2 0 9] 05{Ol^-f V^mniSfsr (2 0, 4 8, 
4 9, 5 0) (i, I^^i-^^il^if^t^ftl-tG 

[0 2 1 0] E15|^t^^'l')S^<S^ ( 2 0, 4 8, 
4 9, 5 0) , tiith', f^^^^^^mWVO^ 
(i, El2|C^L^:r KW7W 4 0 2 ©@?g > P) tfc 



10 2 1 1] gl5|C^-T!>^^-feU^^[H]?S4 0 5IJ# 

3 1 8 0W*tftS-f5 4 5, 4 6, 4 7t" L" fc ft 

[0 2 12] l*l|Cj;t> % MOS ^V^** (2 0 

8, 2 0 9, 1 04, 1 0 5, 1 0 6) a»6>flfe£3;h,3 
1?>*7>':7 , £»jfe$i*\ t>7^ (4 3, 4 4) #<D 

-JjiDMiiLtf' L" it5Pa»i:U, B4ICSW1H] 

^T'aftP^Lfciol-^^-f jllRil^- (2 0. 4 8, 4 

9, 5 0) tt, yy^-^-^CitJ^TO^^fit y 

C L" ) iftom. 

10 2 13] Sfc, OR-AND-NOTH^-HeI 
IS (3 1 9, 3 2 0) (J % Emciv+Sm'jBJRe* 

(2 0, 4 8) L" t4oTV50-eHi*tt" 

H" liftoT^5o 

[02 14] NO R0JS3 2 1 0 2 

H" bteV&tl2 2|i" L" fcfcoTV^S. 

[0 2 15] SE*UiL»ffS:B8*&$-B-fe^^7'>'7 r S:ft 
^$*5rfcf. irV-Xi&l (4 3, 4 4) SO-*Ot 
GbJSGNDSS (0 V) 

[0 2 16] ZOfcft, -fy/H3 1 7 fcSVMl^ > 
/<— * 3 1 SCDVvfix^— ^COtil^l^" h" lefts. 

[0 2 17] 15|C^t ± Is ®i& 4 0 5T- 
11, Sc^ffiLfcflt^irot%{cH-fe>-^4 4^" L" 
fc&O, HI 7 KHHT'^-f-J; 5 -Y l/s<—# 3 1 8 <0 

m^tt" L" H" \z.mit-n>o 

[0 2 18] ^^-TS^ff^-2 0*5" L" , pa^aft 
fg-5§- (4 8, 4 9, 5 0) H" gpt>, 
YlWf^-2 0-cm$4x5l>^'l'^t:j/ h Lfcii£\ O 
R-AND-NOT^^r*-K5]?§3 1 9(1° L" 

[0 2 19] OR-AND-NOTSo^"' — 3 2 

0H^a:^SK{f-§-4 9, 5 0^*1:" H" fcOTtHA 
II" L" t*5„ 

[0 2 2 0] NO R@K!hI?§ 3 2 1 <D 2 oOA^I:(JO 
R-AND-NOTM>r'-Hl|^3 1 9, HXXf. O 
R-AND-NOTlg-g-{r— h[l]^3 2 0roffl^" L" 
ri ! A;/j £ ft -5 fcfc, llf^h^Otll7K^2 2|j;° 
H" ift$ 0 

[0 2 2 1] K*HJLfcfl£« s 0Ot#|Ctt, ±> 

*»4 4»Vc cfc:/y^ + -S?3;ft,fc**Sftiir 

[0 2 2 2] rrofcfc, 3 1 8 Officii" 

L" <D£*^(fr£1\ OR — AND— NO T^^^ — h 
0^3 19 Off ^-li^fc-fr-f , " H" 

[0 2 2 3] Z.<Dh%(0?^m$l l m%-2 0#" L" , 
2^-raWUt9- (4 8, 4 9, 5 0) F H" ©tl, 



OR-AND-NOTlS^y-HH]?g3 1 9 

H" H" 

[02 2 4] r<DttOOR-AND-NOT^y— 
MUSS 3 2 OIltfjE Uc<fc L" £ffi^LTI^3fc 

if), NOR0W3 2 l<D2 00A*tll" H" £" 
L" <Dm%rfcXt)£tlZ><DT' 1 tT^ f#<D!&Jl7 KI^X 
2 2IJ" L" £&•£>„ 

[0 2 2 5] gUztft^L/cJ; j\z. s @5l^f^i^t 

[0 2 2 6] * 7W4 0 3<Dlrc^. ft} Lf - 

l-(ix.T^^ffi|-M5 d t 2 *J J; tfEl 4 coif-g- fc 
(RlCT-fe-5o 
[0 2 2 7] mS\^-t'y^s(±U? 

[0 2 2 8] *HKEf51jT'tt, 7- KU*Jt&B#K, 

isuRfi-f-ii, " l" h- KLa«-tir-f, 

-Y>/<— ^3 1 8<DtB2l 1 8 fc" L" A>t>" H" - — -Jj 

[0 2 2 9] ^rCOTtfe, OR-AND-NOTl^y- 

MH& (3 1 9, 3 2 0) ©ttJ*©ft*>Tas»>aii£<>fe 
5i5lC, OR-AND-NOTlg-g-ir'- MHlgg (3 1 
9, 3 2 0) ONMOS Y=7 Z^~J^9 <Dtf~ htlS-PM 

os h^v^^^iij isitu issl^vms* 

[0 2 3 0] fflmiZ, OR-AND-NOTt^-F 
BIS (3 1 9, 3 2 0) (Diatlti" H" L" 
^{kLftl/^r t*^, NOR082 lrotWir L" 

[0 2 3 1] wCDi§-g-, NORE]Sg2 KDiHtKDiL^± 
fr&J:?^ NOR@!S2 1<OPMOS h7 

ISff-L, !3iJiL#^{it£Vc c/2 J;9i«<l3^i-5 0 
[0 2 3 2] mi-it), ir^^M (4 3,' 4 4) <D7* 

[0 2 3 3] */c, no^g-. OR-AND-NOTl 
•&^*-MHl^ (3 1 9, 3 2 0) COffi^H, 
TY^^Vcmm^'DMyYm (3 6, 3 8) , E]4iC 
/Tt2AANAND[llK3 1 4 <OXt^¥— Y , *JJ:0\ 
-fe^^ (4 3, 4 4) (D7"y ^^-vlriO, " H" 

8<Dttl^ 1 8CO^tlcJ:i3" H" A>t>" L" ^Li^fb 
Lftl\ 

[0234] r©fc», r Ki/^^m^{-K<s-r?>w 



3 1 8WUJ*1 8£" L" , 2A^NAND0?S3 1 4 
[0235J 0 814, 01 l^-ffe^^^lHlK4 0 6 CO 

0 nms. Sr^t- 0 sea x *> -s . 

[0 2 3 6] HilciSi-fei'**l3i&4 0 614, "5I^-< 

(5 0 0) fj/^COUX, f-^7W40 3Og« 
([11:10]) 50 3a»bK*ttIL*:l 1 f f h~ 

iotfyh (i7) fcttarKi^fcL-cHtfrt-aa*, 

f52®7 KUX5 0 5C0 1 1 h~l 0 My Y (VA 

[11:10]) 7Sr*O**fflA'*-5*»SraMR , 1-5 0 
[0 2 3 7] -l-vHM X(0&#I4, B 1 Id^LfcT K 
L'X7W4 0 2Ot©i^SZf(50 0) Oitio 
"CSt^^n, SI*SZ (5 0 0) frb%tfytiiLtc{&fr 1 

0 i # I4~- v^-T x*s 4KBt!it) t (K*§7 K ux 5 

OSCOllbfs/h-lOtfyN (VA [11:10]) 
li^-7iri/ h i/i-SCOX, {SitST Kl^5 0 5(0 1 1 If 
;/ h~l 0 tfy h (VA [11:10]) 7 Sr^COSS 
»I7 KU^-COl 1 fj/ h~l 0 tfj/ h ([11:1 

01 ) 2it Lxm^-r^o 

[0 2 38] i«SZ (5 0 0) 6Dffi#0C9t# 

14-<— v^tM X# 1 K B t £ *} , fSST Kl^X 5 0 5 W 
1 1 fj'h~l ObTj' }- (VA [11:10]) ttiS'j® 

( [1 1 : 1 0] ) 5 0 3A»5>BE*WUfcl 1 h~ 

i o \fy y (17) Sr^ar ki^oi i tr^ h~ i o 

tf y h ( [ 1 1 : 1 0] ) 2 1 t Utdl*-f 5. 
[0 2 3 9] 0 8 1^-rir W-^^0^4 0 6 12, 7KW 

*5£»B*H£JE*-*-5fc«>lc, II 5 fcitfH 6 K^-f * 
^<< ir U??\5\%4 0 SroiSlif^ -fel'^tHjEg 

4 0 6C0aj7}£, ^^ir^^:?Il]^4 0 5T«i"5 

[0 2 4 0] r<7)irl'^^|5]|S4 0 6»4, <&®7Kt'X 

5 O 5(01 1 tfj/ h~l 0 My Y (VA [11:1 

0] ) » (4 3, 4 4) fc«tt£ih.TV*5 

■< *@83 2 3©ffi^$rA^Ji: U^5. 

[0 2 4 1] £fc, T K^T'W 4 0 2(0?g«SZ 

(5 0 0) ©filfcJ:»)ife£$tt5{H»«H§-i4&JB^ 

X, {g=@.7 FVX5 0 5(01 1 f y h~l 0 h (V 
A [11:10]) 7, fe5VU 7^7W40 3 
<om® ([11:10]) 5 0 3i»&K*ffiLftl 1 tf 
yh~10tfyh (17) ©-#£gftU 

**0!&4 0 5icm^i-s 3 

[0 2 4 2] &{;:, EI 8 IC^-f-fe 1/^ ^(H]Sg4 0 6 COKj 

[ 0 2 4 3 ] 0 8 l^-T(H]?Sli, PMOSh7>y^? 
(227, 228, 229, 230), NMO Sh7^ 



->'*^ (1 2 1, 1 2 2, 1 2 3, 1 2 4) joilM > 
(3 2 4, 3 2 5) ji»fefta-fcU**|gB4 0 6 
£WI4, 05l^f V^-f±l/y-f-£i'g 1 4 0 5 tl^lCtt 
e£x£><5 = 

[0 2 4 4] rrt, ^Y'y^OgP^Jft-i? 

iroi^xtt. 02lc*i-|fctfcigK-cittKL*:O-c«l5i- 

[0 2 4 5] *1\ tt*ttiL»fftM!MM-3i:, 
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